ABSTRACT 01745 + 624 is located at redshift z = 3.89, and is one of the most distant quasars observed in the X-ray band. 01745 + 624 was clearly detected with ASCA in the O.5-7keV X-ray band, or in 2.4-34keV in the quasar rest frame. If the energy spectrum is fitted by a single power law with photoelectric absorption, the photon index becomes 1.68~g:~, and the column density NH becomes 2.1~~:~ x 10 21 cm-2 , assuming the absorber to be located at z = O. This index is steeper than that of the cosmic X-ray background. The spectrum suggests the presence of excess absorption above the Galactic column. If the absorber is at the same redshift as the quasar, then the intrinsic column density NH is inferred to be 6.1 ~~~98 x 10 22 cm -2, which is comparable to that seen in nearby Seyfert 2 galaxies. The spectrum shows neither flattening above '" 10 keVin the rest frame nor a significant Fe K line. This is in contrast to the X-ray properties of nearby Seyfert galaxies. When compared to lower redshift radio-loud quasars, 01745 + 624 is inferred to have '" 10 times higher luminosity, but a very similar X-ray spectral index as well as a similar spectral energy distribution from the radio to the X-ray bands.
INTRODUCTION
High-redshift quasars are important observational probes for the study of the evolution of quasars and their environment in the early universe. For example, z ~ 3 corresponds to a look-back time of 87 per cent of the age of the Universe (!lo= 1). The spectra of these objects provide information as to materials lying along the line of sight between us and the quasars.
The quasar continuum spans a broad wavelength band ranging from radio to X-rays (e.g. Elvis et al. 1994a ). In the optical band, many high-redshift quasars have been studied in detail. Optical results indicate that a typical quasar at z = 3 is ~ 50 times more luminous than nearby ones (Boyle et al. 1990 ) thus implying a strong evolution in the quasar luminosity function. Since higher energy photons originate from closer to the 'central engine', X-ray properties are important in understanding the properties and environments of quasars. More recent X-ray detectors have become sufficiently sensitive to detect distant quasars up to z ~ 4;
ROSAT andASCA have detected ~ 10 high-redshift (z > 3) quasars (Bechtold et al. 1994; Siebert et al. 1996 , and references therein).
We do not yet know, however, how many X-ray features seen in the nearby active galactic nuclei (AGNs) (Mushotzky, Done & Pounds 1993, and references therein) apply to the high-redshift quasars. For example, nearby Seyfert galaxies usually exhibit a strong Fe K line at 6.4 keY at equivalent widths of 50-300 eV, and spectral flattening above 10 keY, which are interpreted as being the result of reprocessing in cold material near the core. Seyfert 2 galaxies often show intrinsic absorption with column densities as high as 10 22 _1025 cm-2 , which indicates the obscuration of the core. On the other hand, the Einstein observations showed that the low-redshift (z < 0.5) quasars have no excess absorption and that their X-ray spectral indices are correlated with the radio loudness (Wilkes & Elvis 1987) . Thus, the overall evolution of the X-ray properties of AGNs are yet to be clarified.
Furthermore, the observations of high-redshift quasars are important in understanding the origin of the cosmic Xray background (CXB), because a significant fraction of the CXB has been resolved into discrete sources, mainly AGNs (e.g. Fabian & Barcons 1992). However, there is a discrepancy between the spectral index of nearby AGNs and the CXB (Gruber 1992) . We need to study whether the distant quasars have spectra similar to that of the CXB.
ASCA (Tanaka, Inoue & Holt 1994) provides the highest sensitivity so far achieved in the 2-40 ke V band of the rest frame for z > 3 quasars. In order to study the very distant quasars, we observed the radio-loud quasar Q1745 + 624 located at z=3.889 (Hook et al. 1995) . This is one of the highest redshift quasars detected in the X-ray band. The Einstein IPC had detected this quasar marginally at a 2.100" level (Becker, Helfand & White 1992) , and the ROSAT Position Sensitive Proportional Counter (PSPC) confirmed it during the All-Sky Survey (Fink & Briel 1993) . Optical observations show that this quasar has an absolute blue magnitude of M B = -28.1 (Ho=50 km S-1 Mpc-l, qo=0.5; Stickel 1993) which is very large even among high-redshift (z ~ 4) quasars (Schneider, Schmidt & Gunn 1989) . The Very Large Array (VLA) observations showed that the radio emission from this object consists of a radio core with a flat (Sv ~ v-a, IX = -0.09) spectrum, and a one-sided weak lobe with a steeper (IX = -1.45) spectrum (Becker et al. 1992) . In this paper we report the ASCA observations of Q1745 + 624 and discuss implications of the results.
OBSERVATIONS AND DATA REDUCTIONS
We observed Q1745 + 624 with ASCA on 1994 August 26 and 27, using the Solid-state Imaging Spectrometer (hereafter SIS, Burke et al. 1991 ) and the Gas Imaging Spectrometer (GIS, Ohashi et al. 1996) . The SIS was operated in 1 CCD mode. The observational log is given in Table l .
We applied the standard screening criteria to the data. The minimum elevation angle above the limb of the Earth is 5°. The minimum cut-off rigidity is 6 and 8 GeV/c for the SIS and GIS, respectively. To avoid contamination from the Earth's atmosphere, we chose the minimum angle between the target and the illuminated limb of the Earth to be 20° for the SIS. We rejected the data obtained during the passages through the South Atlantic Anomaly.
The source was clearly seen at the default position of 1 CCD mode, and we determined the X-ray position to be (17 h 46 ID 14.2 s , +62°26'56~'6; J2000). This is consistent with the radio position (17h46ID14.0 s , + 62°26'54~7; J2000; John- ASCA observations of Q1745 + 624 329 ston et al. 1995) within the pointing uncertainty of ASCA. We extracted the source counts from a circular region centred on the target with a radius of 3 and 4 arcmin for the SIS and GIS, respectively. For a weak source, the background subtraction is crucial to the spectral analysis. The characteristics of the background in theASCA detectors were studied in detail (Gendreau 1994; Makishima et al. 1996) . Since the non-X-ray background varies significantly in each observation, we do not use the standard blank sky observations to estimate the backround -instead we use a source-free region of the same field of view in our observation. For the GIS spectrum we estimated the background from the region at the same off-axis angle as the source position, because the CXB is strongest at the optical axis and decreases towards the outer region. For the SIS spectrum we compared a background of the annular region around the target with the same area as the source region, and another derived from the whole chip excluding the target. The latter background area was 2.8 times larger than the former. Since we did not find significant differences between the two background spectra within 5 per cent, and since the latter has smaller statistical errors than the former, we decided to use the latter spectrum as the SIS background.
RESULTS
We summed all photons detected with two detectors (SISO and SIS1, or GIS2 and GIS3) into a single spectrum, and rebinned it to have at least 20 photons in each energy bin.
This allows the use of the t minimization technique to evaluate the spectrum quantitatively. We show the background-subtracted spectra of the SIS and GIS in Fig. l . Combining the SIS and GIS data at this binning, the source is detected at 30" or better up to 7 ke V (observed) or 34 ke V (rest frame). The several high-redshift (z;::;3) quasars were detected withASCA up to ~ 40 keVin the rest frame (Elvis et al. 1994c; Serlemitsos et al. 1994; Siebert et al. 1996) .
We first fitted the SIS and GIS spectra separately by a single power law with neutral photoelectric absorption located at z = 0 (cross-section from Morrison & McCammon 1983) . The spectra are well represented by a single power law. The results are summarized in Table 2 . Although the photon index of the SIS spectrum is steeper than that of the GIS, and the column density of the SIS is larger than that of the GIS, the SIS and GIS results are consistent with each other within the 90 per cent errors. In order to place stronger constraints on the spectral parameters, we fitted the combined spectrum of the SIS and GIS. The best-fitting model for the combined SIS and GIS spectrum is shown in Fig. 1 . The best-fitting photon index is 1.68~g:~, and the hydrogen column density is 2.1:':~~ x 10 21 cm-2 (reduced t = 1.00). This is larger than the Galactic column density, NH,gal =3.4 X 10 20 cm-2 (Stark et al. 1992) . In order to further examine the significance of the suggested excess absorption, we have derived in Fig. 2 the photon index versus NH confidence contours. Thus, the excess absorption is significant at the 90 per cent confidence level. The significance still increases if we use only the SIS data. Supposing (Stark et al. 1992) .
that the excess absorber is located at the same redshift as the quasar, we accordingly fitted the spectra by a power law with absorption fixed at the Galactic value plus an absorber at the quasar to find that the fit is acceptable (reduced t=1.04). The photon index comes out to be 1.57~g:~~. The column density for the absorber at the quasar of 6.1 ~~o,/ x 10 22 em -2 is comparable to those seen in the Seyfert 2 galaxies. Fig. 2 , however, does not reject the Galactic line-of-sight absorption if we consider the 99 per cent confidence level. In fact, if the absorption is fixed at the Galactic value, the combined fit is acceptable (reduced t = 1.08), and the photon index becomes significantly flat, 1.40~g:~~. There is further evidence for the absence of any excess absorption, given by the ROSAT results on this quasar. ROSAT showed that in the 0.1-2.4 keY band, the column density is (0.9 ± 1.7) x 10 20 , and the photon index is 1.3 ± 0.6 (10" error; Fink & Briel 1993) . If we fix the column density at 0.9 x 10 20 cm-2 , the photon index of the ASCA spectrum becomes 1.36~g:g; (10" error; reduced X 2 = 1.11). This index is consistent with the ROSAT result. If we combine the results of the ROSAT and ASCA observations, this quasar needs no excess absorption, because ROSAT gives a stronger constraint on the column density than does ASCA.
As we have seen above, evidence exists both for and against the excess absorption, although the data quality is not high enough to allow us to decide on either. One possible way of reconciling these two pieces of evidence may be to assume that the spectra exhibit a convex curvature without excess absorption. We fitted the spectrum by using a broken power law with Galactic absorption. It also gives acceptable fits (reduced t = 1.00). The best-fitting break energy is 1.61~g~; keY in the observer frame or 7.85~g:;~ keY in the rest frame; the photon index below the break energy is 0.86 ~ ~~, while the photon index above the break energy is 1.63 ~ g:~~. A spectral flattening toward lower energies like this is also observed in BL Lac objects, but the break energy of BL Lac objects is much lower, ~ 2 keY, in the rest frame (Madej ski et al. 1991) . We also tried a Compton reflection model with Galactic absorption. We place the 90 per cent upper limit to the solid angle subtended by the reflector to be fJ./2rc = 0.4.
We searched for time variability during the ~ 40 ks observation, and found no significant variability within 20 per cent. Furthermore, we compared the intensity between the ASCA and ROSAT observations. The 2-10 keY flux derived with ASCA is 5.3 x 10-13 erg cm-2 s-\ while the 0.1-2.4 keY flux obtained with ROSAT is 4.2 x 10-13 erg cm-2 S-1 (Fink & Briel 1993) . We estimated the flux density at 1 keY of the ROSAT observation to be (1.2 ± 0.2) x 10-4 photon S-1 cm-2 keY-I, which is consistent with the ASCA values of (0.8 ± 0.2) x 10-4 photon S-1 cm-2 key-I. Thereis no significant difference in the flux between the ASCA and ROSAT observations. Assuming the emission is isotropic, the luminosity in the 2-10 keY band of the rest frame is 1.0 x 10 47 erg S-1 (Ho=50 km S-1 Mpc-\ qo=O). This is similar to those of other z;:o:3 quasars (Bechtold et al. 1994) , and ~ 10 times larger than that of the low-redshift (z = 0.158) quasar 3C 273 of 10 46 erg S-1 (Williams et al. 1992) . We compare the Kcorrected spectral energy distribution of Q1745 + 624 with those of low-redshift radio-loud quasars. The spectral index of Q1745 + 624 between optical and X-ray bands, lXox' is 1.4, and the spectral index between radio and X-ray bands, 1X.r, is 0.9, both of which are typical for the low-redshift radio-loud quasars (Zamorani et al. 1981; Bechtold et al. 1994) .
The data show no evidence for an Fe K fluorescence line. We only place a 90 per cent upper limit to the equivalent width of a narrow line at 6.4 keVin the rest frame, which is 180 e V in the source rest frame.
4 DISCUSSION Q1745 + 624 shows evidence of spectral flattening towards low energies. The data statistics are, however, insufficient to determine whether this is the result of excess absorption or not.
The ROSAT observations showed that excess absorption is seen in the radio-loud high-redshift (z~3) quasars PKS0438 -436 and PKS2126 -158 (Elvis et al. 1994b ). This result was confirmed with ASCA (Serlemitsos et al. 1994) . On the other hand, the radio-loud high-redshift quasar Q0420 -388 needs only Galactic absorption (Elvis et al. 1994b ). There are two candidates for the excess absorber; one is the intervening materials lying along the line of sight to the quasar, and the other is the intrinsic absorber around the quasar. If the former interpretation is employed, damped LylX disc absorption systems with typical column densities of '" 10 20 -21 cm -2 are candidates (Turnshek et al. 1989 ). The optical spectrum of Q1745 + 624 shows no significant damped LylX absorption at z > 2.47 (Storrie-Lombardi et al. 1996) . On the other hand, we do not know whether a damped LylX absorber exists or not at z;:52 towards this quasar. We instead estimated the number of damped LylX systems (e.g. Elvis et al. 1994b ) by integrating from z = 0 to z = 2.47 the function of increasing number density with redshift derived from large samples of quasars (Wolfe et al. 1995) . The integrated number of systems is 0.3. Therefore it is unlikely, for this quasar, that excess absorption is the result of damped LylX absorption.
The nearby (z '" 0) AGNs have a wide distribution in the absorption column density ranging from 10 21 to 10 25 cm-2 (Turner & Pounds 1989; Awaki et al. 1991) . The unified scheme of AGNs explains that the absorption column depends on the line of sight to the obscuring torus (Antonucci 1993) . If quasars have the same obscuring geometry as the nearby AGNs, this scheme can explain the fact that the excess absorption is seen in some high-redshift quasars, but cannot explain the result that most low-redshift (z < 0.5) quasars have no excess absorption (Wilkes & Elvis 1987) . It is possible that the absolute value of the excess absorption of an AGN is determined not only by the viewing angle, but also by some auxiliary factors. Candidates for such factors include the intrinsic AGN luminosity and the evolution of the comoving volume around the AGN. For larger luminosities, the obscuring materials would tend to be flown off and/ or ionized, while for larger redshifts the obscuring gas density must increase as (1 + Z)3 if the geometry is unchanged.
If there is no excess absorption in the Q1745 + 624 spectrum a broken power law provides a good fit to the data. The break energy is at '" 2 keVin the observer frame, and the photon index is required to be extremely flat, '" 0.9 below this break energy. Above the break energy, the photon index is inferred to have a canonical value of '" 1. 7. It is noticeable that the spectra of BL Lac objects are well represented by a broken power law, and that their X-ray emission is thought to be dominated by synchrotron losses in the jets.
If the observed radio lobe is associated with Q1745 + 624, the 'one-sided' lobe indicates that the line of sight to the quasar is close to the jet axis, and that relativistic beaming occurs in the two-sided jets. Since the beaming enhances the apparent luminosity, the observed high luminosity of Q1745 + 624 may be a result of this effect. Fig. 3 shows the X -ray energy indices of quasars observed with Ginga andASCA. We define radio-loud as having a flux ratio of radio to optical band radio-loudness R = 10g(/s GHz/ 12500;) > 1. The averaged photon index of low-redshift (z < 1) radio-loud quasars is 1.71 ± 0.15 (Williams et al. 1992) , while that of the five high-redshift (z > 2) radio-loud quasars except Q1745 + 624 is 1.65 ± 0.06 (Elvis et al. 1994c; Serlemitsos et al. 1994; Siebert et al. 1996) . It seems that the photon indices of radio-loud quasars are relatively independent of their redshifts. These indices are steeper than that of the CXB, '" 1.4. Since the radio-quiet quasars are fainter in the X-ray band than the radio-loud ones (Worrall et al. 1987) , there are only a few observations of the radio-quiet high-redshift quasars. We need more observations to study the dependence of the photon indices of radio-quiet quasars on their redshifts. If Q1745 + 624 has the excess absorption, the photon index of this quasar, Figure 3. X-ray energy index versus redshift for quasars. Circles and crosses represent radio-loud quasars and radio-quiet quasars, respectively. The points with the redshift below 1.0 are Ginga results in the 2-20 keY observed frame (Williams et al. 1992) , while the points with the redshift above 1.0 areASCA results in the 0.5-10 keY observed frame (Elvis et al. 1994c; Serlemitsos et aI. 1994; Nandra et aI. 1995; Turner et al. 1995; Siebert et aI. 1996) .
The present result is also shown.
frame, or no significant Fe K line (Siebert et al. 1996 and references therein). These results are in contrast to the nearby Seyfert galaxies. This implies that the materials around the radio-loud quasars are somewhat different from those around Seyfert galaxies either in geometry (the obtained upper limit of the solid angle subtended by a reflector Q=0.81t is smaller than the 1-21t of Seyferts: Nandra & Pounds 1994) or in physical condition (e.g. an enhanced ionization), or, alternatively, that the intrinsic emission mechanisms of quasars are different from those of Seyferts. If the former is the case, we would expect the radio-loud quasars to exhibit an intrinsic continuum of photon index (1.95 ± 0.05), which accounts for the intrinsic Seyfert continuum after removing the reflection component (Nandra & Pounds 1994) . However, the observed quasar continuum is significantly flatter than this. We therefore presume that the emission mechanism of quasars is considerably different from that of Seyfert galaxies. One plausible possibility is that the emission from a radio-loud quasar is dominated by synchrotron-self-Compton photons generated in the beamed jets (e.g., Maraschi, Ghisellini & Celotti 1992) , while the Seyfert emission is primarily isotropic radiation from the accretion disc.
